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Tuesday, February 10, 2015 431adFBr bindswithin the ion channel in close proximity toM2-9. The effects of other
substitutions at M2-9 and at other positions in the M2 helices on dFBr inhibition
of muscle-type nAChR are being tested.
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Through the enhancement of endogenous ACh responses, positive allosteric
modulators (PAMs) of the nicotinic a7 receptor represent a promising thera-
peutic approach for the treatment of several neurological disorders. We
combine single-channel and macroscopic current recordings to explore the mo-
lecular basis underlying potentiation of human a7 by three amide derivatives
compounds named as Compound 2 (3-furan-2-yl-N-p-tolyl-acrylamide), 3
and 4 (5-100 mM). In contrast to the brief and isolated openings typical of
a7, in the presence of Compounds 2, 3 or 4 opening events show significantly
increased durations (~7-fold) and appear grouped in bursts of about 10-20 ms.
This activity pattern is similar to that observed in the presence of 5-hydroxyin-
dole (5-HI), a type I PAM, which leads to openings of ~2 ms and bursts of ~5
ms. PNU-120596, a type II PAM, produces a more profound increase in open
duration, and opening events appear in long clusters that last for several sec-
onds. 5-HT3A and a7-5HT3A receptors as well as an a7 quintuple mutant re-
ceptor that is insensitive to PNU are not potentiated by Compound 2. At the
macroscopic level, Compound 2 and 5-HI increase the net charge (~5-fold
and 8-fold at 50 mM and 2 mM, respectively). However, such increase is mainly
due to the decrease in the decay rate for Compound 2, which resembles the ef-
fect of a type II PAM, and to the increase of the maximal peak currents for 5-HI.
Our results demonstrate that these novel compounds may bind to the same
intrasubunit transmembrane cavity as PNU, decrease desensitization as type
II PAMs, and modify single-channel activity similarly as type I PAMs. They
also contribute to elucidating the foundations of a7 modulation.
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Ligand-gated ion channels (LGICs) are responsible for converting chemical
signals to electrical ones in the nerve system, which is a key element in the
fast synaptic signal transmission. The first crystal structures of prokaryotic ho-
mologs were solved a few years ago, and today there are many more structures
available - including a human one. These structures are believed to represent
both open, closed, and desensitized states, but despite this wealth of informa-
tion the core question for a LGIC remains unanswered: How does the binding
of the agonist couple to the transmembrane domain to cause gating?
Recent crystal structures of GluCl in both apo and liganded states make GluCl an
idealmodel system to explore this coupling computationally.We have performed
several microsecond-scale simulations of open and closed state crystal structures
(3RHW, 3RIF, 4TNV ) in their native forms, and examined the effects of keeping
& removing ligands as well as allosteric modulators to observe transitions events.
Removal of both ligand and modulator leads to a fully closed state after more
than a microsecond. Control simulations of open states (3RHW & 3RIF)
display a closed hydrophobic gate (9’) at least half of the time. In 3RIF simu-
lation, the 9’ position is more flexible and an open pore is reached within a
microsecond. Although rest of the pore is open, in 3RHW such opening at 9’
almost never happens. In the open 3RIF simulations, the pore opening is corre-
lated with an increased distance between subunits. Our simulations provide
clear evidence of the coupling in dynamics between the extracellular and trans-
membrane domains of LGICs on microsecond scale, and show how the extra-
cellular ligand binding affects both local structure and the pore gating more
than 50A˚ away in the transmembrane domain.
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Pentameric ligand-gated ion channels (pLGICs) represent a major class of fast
neurotransmitter receptors. In addition to nicotinic acetylcholine receptors(nAChRs), glycine receptors, GABAA receptors and 5HT3 receptors of verte-
brates, pLGIC homologs have been identified in invertebrates and even in
bacteria. Several crystal structures of pLGIC homologs have been solved at
high resolution. By combining alanine scanning mutagenesis and homology
modeling based on the X-ray structure of ELIC and the electron microscopy
structure of the muscle-type nAChR, we could previously show that a network
of aromatic residues within the transmembrane domains TM1, TM3 and TM4
is important for the proper assembly of human glycine receptor protomers into
a functional homopentamer (Haeger et al. (2010), Nat Struct Mol Biol 17:
90-98). Here, we examined whether the TM helices of pLGIC homologs
with solved crystal structure are also involved in homopentameric assembly.
We chose the glutamate-gated chloride channel (GluCl) a, a pLGIC from
the nematode Caenorhabditis elegans, which is most similar to the a1 glycine
receptor and whose crystal structure was solved at 3.3 A˚ resolution (Hibbs and
Gouaux (2011), Nature 474: 54-60). We performed an alanine scanning muta-
genesis of all four TMs of GluCl a, purified the expressed GluCl mutants from
Xenopus laevis oocytes by non-denaturing Ni2þ-NTA chromatography, and
analyzed them by blue native PAGE and SDS-PAGE. We found that aromatic
residues in TM1, TM3 and TM4 are important for the correct homopentameric
assembly of GluCl a protomers. These findings indicate that the role of aro-
matic residues in the assembly of chloride-conducting pLGICs is conserved
across species.
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Ligand-gated ion channels exhibit a wide range of responses, and the very same
allosteric modulator can either inhibit or potentiate channels depending on
single-residue mutations. We have previous explained this with multiple
binding sites where binding can have opposite effects, which would have far-
reaching implications for the design of new pharmaceuticals. However, we still
know very little about exactly why channels open or close in response to ago-
nists and allosteric modulators. Here, we have used extensive ensemble com-
puter simulations to show that mutations of hydrophobic ILE to hydrophilic
residues such as SER in the 9’ and 16’ locations of the central ion pore of
ligand-gated ion channels will alter the hydration, which leads to a more wider
pore region. By combining simulations with electrophysiology recordings we
have been able to show that while some of these mutations increase currents,
others have the opposite effect and will make the channel harder to open. In
contrast, intermediate-hydrophobicity mutations to ALA have the opposite ef-
fect and facilitate channel opening. This is explained by the double ring of SER
residues creating a binding site, which likely causes a monovalent ion block,
similar to the behavior for divalent ions in the wild-type. This shows the open-
ing/closing in GLIC is due to a delicate balance of hydrophobic and hydrophilic
interactions in the pore, it supports that this balance can be altered by muta-
tions, and it indicates the actual ion conductance is not simply correlated to
the dimensions of the pore, but rather the absence of binding sites inside the
pore combined with high levels of hydration. In particular, this makes it
possible to tune ligand-gated channel response, and possibly the allosteric
modulation.
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The prokaryotic ligand-gated ion channels from Gloeobacter violaceus (GLIC)
and Erwinia chrysanthemi (ELIC) have provided useful information about the
homologous Cys-loop family of neurotransmitter receptors. GLIC is of partic-
ular interest for the study of gating transitions, in that its structure has been
elucidated in multiple conformational states under a number of conditions.
However its mechanism of action is controversial - the protonation of His11’
in M2 has been shown to be essential for the activation of GLIC(1,2), yet
a GLIC-glycine chimera retains proton sensitivity without the GLIC M2
domain(3). Here we create an ELIC-GLIC and a GLIC-ELIC chimera, express
them in Xenopus oocytes, and test them for function using TEVC. The ELIC-
GLIC chimera was not activated by 100mM GABA or pH 4. The GLIC-ELIC
chimera was not activated by GABA, but was activated by protons with a pH50
of 6.6, similar to the GLIC-glycine chimera but not WT GLIC (pH50¼5.5). We
